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A PROCESS FOR THE IN SITU EXTRACTION OF OIL FROM SHALE BEDS AND 



The present invention refers to a way of extracting oil from 
shale rock and similar beds in situ by means of channels which cue 
through the shale strata, are supplied with heat for the heating 
of the shale bed, and which are separated from the outlet boreholes 
formed in the shale by means of shale rock sections in between. 
The object of the invention is to achieve an improvement of this 
established procedure, in particular with regard to the quality 
and composition of the extracted products, which is essentially 
obtained by embedding heating elements which are preferably heated 
electrically, in heating boreholes, and which have smaller cross 
sections than the cross sections of the boreholes and by introducing 
into the interspace between the channel wall and the heating element 
thus obtained a filling that transfers heat from the heating element 
and the shale and simultaneously counteracts or prevents, respec- 
tively, a flow of the oil products gasified from the shale in the 
direction towards and along the heating element. 



SIMILAR FORMATIONS 



Applicant : 



F. Ljungstrom 
Svenska Skifferolje 
Aktiebolaget , Orebro 



Page Z 

The invention will be more thoroughly described below with 
reference to the modes of implementation as shown in examples 
illustrated in the enclosed figure, and other accompanying charac- 
teristics of the invention which will also be discussed. 

Figure 1 illustrates a section through a part of shale bed, 
in which the arrangement of a heating element installed according 
to the invention for the accomplishment of the process is shown. 
A vertical section through a rock formation according to a modified 
design is shown in Figure 2, and a flat view of this latter design 
is in Figure 3. 

In a shale bed, 2, vertical channels, £ in Figure 1 and 9 in 
Figures 2 and 3, are drilled, in which heating elements are embedded. 
These can consist of coiled pipe £4 according to Figure 1, equipped 
with inlet 3_2 and outlet 3m5 for a hot medium, gas or steam, which 
then remains separated from the surroundings during its passage 
through the coiled pipe 4_4. The pipe 4_4 can in addition be designed 
as an electrical resistor and function both for the fluid conduction 
of the medium mentioned and for the development of heat accc-pany ir.c 
an electric current. With the design according to Figure 2 an 
electric heating element 17_ is used. After the heating element 
has been inserted the channels are filled with backing sand a 
maieable substance, respectively, such as cement, clay or other 
suitable filler. The channels can be closed at the upper ends by 
collars 21_, 2_S which must necessarily be cemented into the rock 
foundation. On top of the shale bed 2_ there is often an overlying 
stratum of lime 4_7 (Figure 2) with a thickness of several meters. 
Then the electrical resistance is only active within that portion 
of hole 9, which is surrounded by the oil-bearing shale. In other 
words, the -electric current at the level of the lime layer is con- 
ducted through low resistance wires and therefore thermoelectric 
heat is not developed here to an appreciable extent. 

Besides the channels mentioned above, exhaust holes £ according 
to Figures 2 and 3 are made in the shale bed, through which the 
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products formed during the dry distillation [carbonization] are 
evacuated, and which consequently do not contain any heating ele- 
ment. These exhaust holes £, which are sealed from the limestone 
at the top by collar 2_7# are connected through ducts 52 to a con- 
denser which is best cooled by either air or cooling water. 

At the surface expanse of the shale bed, channels 9 and 8, 
respectively, are arranged in such a way, as exemplified in Figure 
3, that a heat-supplying channel £ is surrounded by a number of 
exhaust holes 8_. It is particularly advantageous to carry out the 
heating of the shale bed so that a wave of heat is transmitted 
horizontally through the shale bed, for example in the direction 
from the line of holes £0 in Figure 3 towards the line of holes 
41 through a successive connection of the heating elements. 
"When this heat wave in part of the shale bed reaches a temperature 
of about 300°C, or prior to this, the shale begins to release 
combustible gases which in part are condensable and in part not 
condensable and which are conveyed to a condenser, common to a 
plurality of channels £ which separates the former from the latter." 
The incondensable gases can be used, for example, for the preheating 
and heating, respectively, of a new zone of the shale bed with an 
arrangement as depicted in Figure 1. The duration of the degasi- 
fication periods may be adjusted to the desired degree, by such 
variables as the distance between the holes, which can be, for 
example, 1/2 to 2 meters. The maximum temperature of the mentioned 
heat wave can amount to approximately 500°. 

The hydrocarbons formed during the distillation process in 
the shale rock include condensable products from the lighest 
petroleum (gasoline] to the heaviest oil. Because the heating 
channels according to the invention are filled, the result is that 
the hydrocarbons are driven in the direction of the outlet channels 
8, and thus away from the hot heating elements. Otherwise, of 
course, the hydrocarbons would find their way to these elements 
to a large extent, especially in the lower part of the shale layer 
because of the high rock pressure prevailing there. The extraordinary 



advantage is thus gained that an unwanted cracking of the oil pro- 
ducts is essentially avoided. The heating method according to the 
invention therefore allows recovery of a considerably greater 
percentage of high-grade gasoline products than with presently 
familiar methods. 

While a shale bed section is being supplied with heat, an 
expansion of the shale sets in, at least in the beginning, in the 
longitudinal direction of the heat supply channels, and thus in 
such a direction as to cross the shale layers. If a number of such 
channels are simultaneously heated then these create within the 
shale mass static pillars of heat with a greater height than that 
of the colder shale mass located in between them. This shale mass 
therefore becomes affected by forces directed in a vertical direc- 
tion, the effect of which is to separate the different strata of 
shale from one another, so that the combined vertical displacement 
of these plus the gaps formed between the strata of shale approach 
a configuration that corresponds to the shale layer at its highest 
temperature around the heated channels. In a cross section the shale 
layer assumes the appearance shown schematically in Figure 2. Or. 
the other hand the shale layer within zones 5£ limited by the dotted 
lines 53 in Figure 3 of the shale mass shows a falling temperature 
from the holes 9 to the holes 8, and within the resulting temperature 
differences the degasif ication can be considered to continue at 
different temperatures, for example from 300° to 500°. A certain 
molecule which is released from the shale mass at point 39 during 
the dry distillation process will on its way from this point to the 
outlet hole 8 pass through temperature zones of lower temperatures 
than that existing at point 39. 

The pipe system shown in- Figure 1 can be used for different 
heating purposes by allowing the existing channel in a previously 
degassed hot zone of the shale bed to conduct a fluid stream by 
means of pipes laid on the ground. Air, water, steam or other fluids 
which are heated in the process may then be led to a channel in a 
shale bed zone where the oil extraction is to be started or is 
already in progress. 



After the rock mass has been degassed, it wholly or partially 
consists of what is called shale coke, which indicates that after 
the oases are driv en off/ combustible carbon remains in the shale. 
According to the invention the rock mass can be ignited before or 
after cooling and the residual shale coke can be oxidized to shale 
ashes by introducing combustion air to the existing channel system. 
A very slow combustion that persists for several years can in this 
manner remain in progress, and the heat thereby generated can be 
utilized for various purposes, such as the heating of shale rock 
and hot water for homes, steam production, cultivation of plants, 
etc. According to the invention the cultivation of plants can also 
be carried out directly on the shale rock and in this way utilize 
the heat stored in the rock for a great many years. 

Patent claims : 

1. A process for in situ recovery of oil from shale beds and 
similar rock layers by means of channels that penetrate the shale 
strata, and are supplied with heat for the heating of the shale 
mass and which are separated from the exhaust holes formed in the 
shale by means of shale bed sections in between, characterized by 
heating elements being embedded in the heating channels, which are 
preferably heated electrically, and which have smaller cross section 
than the cross sections of these channels, such that the interspace 
thus obtained between the channel wall and the heating element may 
be provided with backing sand that transfers heat from the heating 
element to the shale and simultaneously counteracts or prevents, 
respectively, the flow of oil products gasified from the shale in 
the direction towards and along the heating elements. 

2. A process according to claim 1, characterized by the inter- 
space being filled with a cast compound. 

3. A process according to claims 1 or 2 , characterized by 

the fact that a heating element in the form of a pipeline is brought 
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down into the heating channels, and the inner part of the pipeline, 
through which is led a hot medium, is entirely separated from the 
channel and that the heat supply to the pipeline is also produced 
electrically. 

4. A process according to one of the previous claims, char- 
acterized by the fact that the channel system made in the shale 
bed is utilized for regenerative heating of the rock mass in which 
channels in a previously degassed hot zone of the shale bed are 
connected with pipelines over the ground and are allowed to conduct 
a medium which is heated in this zone, and also characterized by 
the fact that channels in an untreated zone of the shale rock are 
directly or indirectly supplied with energy utilized in this manner 
from the previously mentioned zone. 

5. A process according to one of the previous claims, char- 
acterized by the shale coke remaining in the shale rock after the 
degasif ication is combusted to produce shale ashes by introducing 
air into the available system of channels. 



* 
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mrlrr. Dt'ii 11:1 hi ml;i varinrv aj;ri\s niaximi- 
Icmpcralur kan upp^a litt umkiini; aim 

I >r \ ill di'sl il iniispioi rssrn i sk it I'r i |ir r- 
t^el liildadr knl valrna ninfatta k » iiulrn m i Iki r;i 
pmduklci l'niii clfi\ liitlaslr liriisinrii I ill don 
tyn^sla uljan. ( • i * 1 1 1 » 1 1 1 all u pp v ariniiiii:;skana- 
lorna mi rnli^t nppl innin^en inn t^t nl vlld;i 
rrnas, :ilt knlviilcna foias i riklnini; mot av- 
loppskanalrrna K. »l. v. s. Im.iI Iran dr ln-la 
nppvarinnin^.srU'nu'iilm. Kljrst nK ul U- nam- 
li-ru kolvalma i blur ul si rack n i m - soka sin 
vai; lilt dissa rlmirnl, sprrirlll i dm nedrr 
drim ;iv Nkiflcrhi-icl till loljil a\ <k»r 
radamk' lin-i lu-i-l rxvUi-l . Man vinmr salnn- 
,|:i dm nloniMiiUnllii;;! lordrlrn. all fii nkr 
,,nsk\ ; .).l spallmn K i-IUt kraiknin;; :iv oljr 
prof.'nklt- 1-11 = 1 \:.M'nlli-rn mulvikos. I ppvarm- 
nin J-mrl.Mlrn mlii;t nppl innin^-m mrdutvcr 
1 1 :i ri i »r i'n ul viimiiii» :iv pi orrnl in-Ill va^ml- 
men Initi al di;;a In-nsinpioduk U l .ill 
\iti lnllilU kanda mclntliT. 

I mti-r \;n .M.tilttt.i srln till *•! * *kilferlirr-- 
paiti inliadrr ;ii minstuiie till all Ihuj.i n.vd 
rn nl vidmin- :t\ skillrrn i \ a i mrl illl oi M-lka- 
: ,:iln nas ' Win iali ik I n in vilkm korsar skillVr- 
la-iril. Om At antal dylika kanalrr >a in t iilij;! 
bli\a I.hviiiiiI lot uppxaimniui;. Inidn drssa 
i n< >in skiflVi massan skinulc vai mrpelari' inrtl 
slum- liojilniaM an dm inrllan dcsainnia U'- 
1:^1,:, kailarr ^k U I ri massa n . Drnna ski I In - 
„uss;i Mir darl'or pavrrknd av i v n l ikali ikl- 
nin>;i-n ^acmir kialtrr. sum si l a v a all skilja 
dr ulika si; ilt\-ila-i >\\ Iran \arainira. .sa all 
ilcssas saniinanla-ila \erlikala mall plus mrl- 

lan sk iffr rla^rm uppku a spallrrna nai- 

inar si^ del. smu uioisvnrar \k it I rrla;_;i rl \ nl 
(U-sn hn-.sla Irmperalnr krini; dr upp\arnuWi 
kanalrrna. Sl< ill Vrla^rct lar i srklion vll ul- 
st'Cinlr. soin s. hmial iskl visas i tii;. *J. A anil- 
la Milan uppvisar > k ifl Vrla-i i l in-.m ilr nn tl 
sht-rkailc tinjrina In* ;;r.i iiNaili- /tHu rna 
i i" i — ,1 av sk 1 1 1 1* r i n a ssa n en fallainU' U-iiipr- 
r.itur I'r^n halrn U till lialcn urli kan iinnn 
«lr ilarxul l..n ki.ininantlr tempera! malil I i-rt-u- 
Mina a\ ^riM.iii-cii lankaN Iml^a \'i«l itlika 
Irniprraliiivr I ■ fx. Iran ."UHi till Mill . i;n 
vr N nit.l, k\l M. 1. 1 vt 4 1 pnnklrn :i*.» uinliM* l»nr 
ili slillaliiti^[iii.ri ^n, u Iri^.trcs nr skiUc'rnias- 
san. kt'iui.t. r pa m»i Iran i!cun:i |innkl lill 
a\ !i-|*psh:Mi 1 X at! pas-.era I nil pfr.il u i 7.«hut. 
sum alia tippvisa la^if I rni prral nr an ilt ii. 
sum rxislrrar \ ill jtiinklcn Mi. 

Di-l i l"ij*. I visailr li*iliiin^ssysU*iurt Ivan 
anviimlas lor ohka u ppv:i r mn in^s:i ml a mal. 
^nniii alt rn i i*n ritilaii av^asail 1 1 irl zmi a\ 
skilfi rlM-i -i l hrlintlii* kanal liriui;as ^cinmi 
r.\rr junl la^ihi Icilnin^ar alt ^i'lnmist ruiinnas 
av oil fliiiilnin. t. t'X. lull, vallru illti anj^a. 
smn liiiriniilrr uppvarmrs orli stalan t. i*x. Ii:- 
ilfs till m kanal i en sk if fer horizon, iliir olj«- 
nl vanning skall inlcilas rcsp. pi^Ar. 

Scilan heii;n»assiin av^asals. hestar tlcu licjt 
rller ilc ivis a\* s. k. sk iffcrknks. d. v. s. nuser- 
ua j\diivna. men Itranntmrt .knl finite^ 



annii k\ar i skiiirrn. ladi-l u | » | . i t im m i 1 1 kan 
Ik*' ^niaN^an luit* i*llci" rlln .i \ ^\ .i 1 1 u 1 1 l; an- 
lamias m li sk il I t-i kok sen i di nsamma lUr- 
lirannas till skillriaska, ^i*iii.m ml urafiilr a\ 
I »»rbi aim in^Nlu 1 1 i * J * * I I on I inl I i-a K.m:iKv. 
nU'iiu-L lai invrkiM lan^sam. umji t man^a ar 
pai;aciidr I oi In an nin- kan pa delta sail fnrl- 
i;a * if li 1 1 1 - 1 daivid liikhnlr \armrt uliivllja^ 
loi <*lika amlamal. sasmn u pp\ a r m n i n ^ av 
sk il Irtliri \arni\alli-n lill 1h isl adii. . a n t; - 
alshm-. \ a \l*i<ltiii;.; r d. \ a\tudlm- kan awn 
tnlii^l it 1 1 1 ili 1 1 ii i f i i nu'd lordfl anliiMi-as ■ 1 1 - 
rfkl pa sk ill Vrbrr^H . sum pa sa siill uiiilrr 
in Iftn^ li'«ljd av ar kan I il I;;'h |< t-i n a si- « 1 • - i i 
lui^rt ma^asim radi' \aiiml. 

PalontantiprAk ■- 

I. S:itl all alxinna ulja in si. il'ln Im-i ; ( ucli 
tlx 1 1 U I Hi Nilll nudrlM sk il ii i » n skaiandi- 

kanalri, villva liltl'inas \aiinr la n|i|j\aiin- 
niiit; a\ sk il I < i massan urli \ilka a'*» skilda 

I i a .an • ' i ,it^. ■ a •. . 

(Nlst millaiili r .-aiidi' parliiT av sk il ! ri lin . 
kamnUaknal daia\. alt ! n p| i v a i m n i • l - s .. - 
naliTna jnalti i is v ar nn t lrnu n I . vi'ka I wi i- 
Iradrsvis 1 1 j ■ j» v a i i n a s pa rltktiisk ^»^. "fh 
vilka liav.i -aiiitlif I \ a r si*k I i< »n s. t i\a an t!^s^;l 
kanaln s I \ .i i I i* ai s.i rra m'li all i <lr! s., 4 -r- 

I I a i ] 1 1 . i tin • lain iimmrt mrlian k • a a ■ 1 a ^^r ■ : 
hi It v a i mi'ilriiit iltii anlw in-.,.i * rn ivUliia^^a 
sinii liH tnollai' hu kVi r^tii;, n;. !!aii \ ,in.c- 
i'lriiirlllt'l *'» Il skill. Ill ..rli ■ M.'It.li.l n;.*l\r;- 
ivar rrsp. I . n Ii i ml i a i si i '.aiinn^ a\ «!c >M 
ski I trill l«n-;n.itM . .1 j rpi odn ). I r ! na ' iikln-i:. 
mot t.rli lau^s iil.mil v a r nn r !i i m • ' . ! . ' 

J.. Sail rn!iL;l pal ml a n sj ualvi'l i. k .i * i a 
tial ilaiav. all i i m Ha u r 1 1 m ii ir I 1 1 x *;*--. i i: _^ j 1 1 f 
ha i I \ 1 1 m a ss.i 

il. Salt rnlt-l j.ah nt.mspi alvil I . Nn' *?. kar-- 
mlriknal daiav. all man i n pp v a • m n i it - 
kanalrina 1 1 < 1 1 1 . * t \ a i mrr li- nun I i l-.'tii ,t\ rn 
lorUalniii^. vais nur ar lull a\^l%til ;, au i 
nalrn 'nil ;rii"in \ilkrii Irdrs .U !i.»! im- 

diiim. \aijamlr va 1 1 1 1 foist- 1 til' » .ik-l- 

niiiLin avin -kn pa rlrklrisi. 

-I. Sail 1 1 1 1 — t iiaf;.tl av dr |ta.^... art. 
I rill a nspi akin . k a 1 1 iut t h k a a I dai.'V. all •!■■' 
i sk il I r i hri -rl uppla^iia k a 1 1 a I s \ 1 - in r l nl- 
nvlljas Inl n:vin r;ili\ n pp v a i in n in u av ! m-i 
massan ^rn-»iii alt kanalrr i i n hmI.hi :.a- 
sad I ii* I /."ii av sk 1 1 Irrhri ^rl 1 1 ir!<; m! :• s ai-*:' 
Irdnin^ar o\n j«*rd ocli luin^a.s il! -rnoio- 
slroinnias av rll medium, nui!: *a npv a I mrs :\\ 
drnna /••!>. <•» li .ill kanalrr i rn i »! u- lia ud !ad 
/am a\ sk it hi Imi ^rl diivkl »-llrr indnrkl hi ! * 
loi as nr dm 1< -i s) nammla /oiicji p.- tlrlla sal' 
I illvai ata^rn run -i. 

j. Salt riih^l n;imi| av dr I'oir^arndr pa- 
ti'nlaiispi akrn. t,;Minr(i*vknat darav. at 1 i 
skit lrrl»ClK«l rllri a \ ^asili ll^rn k v a r v a i a ' idr 
Kkil'ltrkoks l.aliranncs till skillriaska -cfiuin 
iljlorandf a\ lull i dr* forliandun v .n a nde ka- 
nulnysleiiu-l 
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Swedish specification 121 

Translation; pa^e 1,. second column, jrd paragraph, 
lines 10-17. 

"When this heat wave in part of the shale rock roaches a tempera- 
ture of about J>00°C, or prior to thi:,, t;:e snaie be^lr^ to tJ ive 
off cora'uuotiMc cases which in part are *:ocden jaole atvi ir : par:, not 
condensable and which are conveyed to a eoniensor common to a plu- 
rality of channels which condenser separates the former from the 
latter. " 
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